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A STUDY OF THE LOCAL TISSUE REACTIONS IN MAN TO
CORTISONE AND COMPOUND F
VI. HISTOPATHOLOGICAL STUDIES OF THE LOCAL EFFECT OF COMPOUND F IN
NORMAL AND PATHOLOGIC SKIN OF MAN*
LEON GOLDMAN, M.D., HERBERT O'HARA E., M.D.f AND JEANNE BASKETT, B.S.
After our previous negative studies (1) of the local effect of cortisone acetate
in the skin of man, a year ago, a parallel study of 17-hydroxycorticosterone-21-
acetate, Compound F, was outlined. Theoretically, Compound F should be
the active steroid. It was so suggested by Rothman (2), that in all probability
Compound F and not cortisone would be active locally in the skin of man.
The local effects of Compound F (mainly F acetate) have been studied on
480 patients by injection technics with needle and syringe, by Hypospray jet
injection apparatus, suspended in various ointment vehicles and in solutions.
From the clinical aspect, Compound F acetate by local injection has been found
to have definite interference or local inhibition of inflammatory reaction in
such varying forms of cutaneous reactions as the eczematous, toxic (if not
too severe), tuberculin type, arthropod bite type, both immediate and late,
psoriatic, sarcoidal lichen planus, leukemic and lymphomatous keloidal and in
some miscellaneous disorders (3, 4, 5, 6). The reactions in urticaria, angioedema,
dermographism, the experimental histamine wheal, alopecia areata have usually
been negative.
EXPERIMENTAL
In order to control the clinical studies, biopsies have been done on normal
skin. These biopsies included 45 on areas treated with Compound F, 15 with
cortisone acetate and cortisone tricarballylate, 2 with cholesterol control sus-
pensions and 6 of the various forms of vehicles. In the studies of the patho-
logic skin reactions, 42 biopsies have been done on Compound F-treated sites,
in some instances on the control-site also, usually the sites of affliction of cor-
tisone acetate or the vehicle.
It is difficult at times in the field of steroid biology to carry over the anal-
ogy to human tissue of the results of experiments in animal tissues. So, the
studies in this report are limited to the tissues of man.
* From the Department of Dermatology and Syphilology of the College of Medicine of
the University of Cincinnati and f the Department of Pathology, School of Medicine,
Lima, Peru, Department of Pathology, Hospital Obrero and Merck Fellow in Dermo-
pathology.
Cortisone, Compound F and Doca supplied by Dr. Augustus Gibson, Merck and Com-
pany, Itahway, New Jersey. Estradiol, Doca, and testosterone supplied by Dr. G. Kenneth
Hawkins, Schering Corporation, Bloomfield, New Jersey. Polyvinyl pyrrolidone furnished
by D. B. Witwer, General Aniline Works, New Y.ork.
Read before the Thirteenth Annual Meeting of The Society For Investigative Derma-
tology, Inc., Chicago, Illinois, June 8, 1952.
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Because of the reactions obtained previously on the local injections of C11
oxysteroids in normal skin, control studies were continued with the injection
of Compound F into normal skin. Following the local intradermal injection
of suspensions of these steroids, insoluble masses of crystals can be detected
in the skin from a period immediately after injection to some months (7).
These crystals were detected with the technic suggested by Knut Schmidt-
Nielsen and Ake Nilzen (8) in our Department, by using frozen sections. We
later modified this technic using skin fixed in 10% formaldehyde (calcium
hydroxide). Studies are now under way with the vacuum freeze drying tech-
nics and water soluble imbedding processes. Attempts were made to produce
staining or contrast staining of tissue with the sections mounted in glycerin
jelly. The following technics were used: hematoxylin-eosin, oil blue N, Sudan
III, Sudan IV, Schiff's periodic reagent, Giemsa, van Gieson, trichrome, tetra-
zolium salts. From preliminary observations, the Giemsa stains and hema-
toxylin-eosin appeared to produce the best contrast staining of tissue. Under
polarized light, the crystals can be seen relatively deep in sections even after
intradermal injection. The sections were examined also, in addition to polarized
light, in phase contrast and ultraviolet light through a Wood's filter. Experi-
ments have been done recently in association with Frazer (9), with electron
microscopic examination of scrapings from the local injection site after varying
intervals of time following injection. These are being followed by X-ray dif-
fraction and later electron diffraction studies of the material from the skin in-
jection site. A number of experiments have been done to assay the hormone re-
maining in the skin. These have been done with colorhnetric technics. Later
paper chromatography will be done. With Dr. Gregory Pincus studies have been
initiated with injection of radioactive Compound F with C'4. In general, then,
the study of the deposits of crystals reveals that these insoluble crystals persist
as relatively large masses in the skin for a long time after local injection. It is
in all probability the masses of crystals which give rise to the yellowish central
streaking observed clinically in the skin. Because of the persistence of local
therapeutic effects following local injection, it is important to continue to study
distribution and persistency patterns of these deposits of crystals.
It was found in the original studies of injections of cortisone acetate into
human skin that hematoxylinophilic masses in the dermis developed following
such injections. The same general type of hematoxylinophilic masses were found
in the paraffin sections of formaldehyde fixed tissue after local injection of
Compound F acetate. These masses can be detected from about fifteen minutes
after injection and can persist for at least four months locally in the tissue.
Long term studies are now under way to determine just how long these masses
can persist. The location of these masses parallels the deposits of crystals ob-
served in the frozen section technics. It has not been possible in any of our
paraffin sections to detect definite evidence of crystals of the steroids in tissue.
Presumably the solvents employed remove the crystals. The free alcohol of
Compound F has been tried in various vehicles for injection into the skin.
Two types of free alcohol of Compound F have been studied, one with plate
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crystals, the other with rod crystals. The rod crystal type produces characteristic
but less intense tissue change.
In general, it may be stated that the differences between cortisone acetate
and Compound F acetate locally in normal skin suggest that with cortisone
acetate there is more active hematoxylinophilic collections in tissue, more edema,
more active local inflammation with polymorphonuclear infiltrate and more
active karyorrhexis and karyolysis of polymorphonuclears and lymphocytes.
Preliminary histochemical observations have been done for us by Atkinson (10)
and indicate that these characteristic hematoxylinophilic reaction masses would
FIG. 1. Sections of normal skin after local injection of Compound F acetate. Arrows
point to hematoxylinophilic masses.
A. 72 hours after injection—traumatic hemorrhage on top (X160 hematoxylin-eosin).
B. 8 days after injection (X160 hematoxylin-eosin).
in all likelihood be "either nucleic acid or an acid mucopolysaccharide." To
determine its general chemical nature, the following histochemical procedures
were applied by Atkinson.
(1) 0.001 M toluidine blue at pH 4.5 and 2.0—strong basophilia unaffected
by prior extraction with N HC1 at 37°C for 2 hours. This would eliminate
ribonucleic acid.
(2) Negligible reaction with leucofuchsin after HC1 hydrolysis—eliminates
desoxyribonucleic acid.
(3) Non-metachromatic with 1% toluidine blue in distilled 1120. (Meta-
chromasia of dermal matrix in man reported to be but slight even with
more appropriate fixatives.)
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Fia. 2. Skin 4 months after local injection of Compound F acetate. Area had been sub-
jected to bites of mosquitoes.
A. X160 hematoxylin-eosin.
B. X650. Showing phagocytosis of the hematoxylinophilic masses (hematoxylin-eosin).
TABLE 1
Effect of superficial injections into the normal skin of man in relationship to production of
ground substance tissue change
MATERIALS
CLINiCAL PHASE DEGREE OP GROUNDSUBSTANCE TISSUE CHANGE
.Steroids (SSline Suspension)
Cortisone acetate maculopapular —s disappearance ++
Cortisone tricaballylate (com- maculopapular —, disappearance +
mercial vehicle)
Compound F acetate maculopapular —' atrophy +
Compound F—free alcohol papule persistent —* disappearance U
Type A
Compound F—free alcohol maculo-papular — disappearance +
Type B
Desoxycorticosterone acetate faint maculopapular reaction 0
Estradiol faint maculopapular reaction 0
Testosterone acetate faint maculopapular reaction
(4) 11C104—ieucofuchsin reaction very weak and unaffected by diastase di-
gestion.
"These histochemical observations suggest that the fibrous reaction material
is an acid mucopolysaccharide in which few periodic acid-oxidizable groups are
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present. Except for the absence of metachromasia, which may not be significant
for technical reasons, the reactions are characteristic of hyaluronic acid but are
not nccessarily proof of its presence. The histopathologic studies of the de-
velopment of the reaction would indicate further that the reaction material
represents modified ground substance." Further stndies are contemplated by
Atkinson (10) to employ more appropriate methods of fixation and enzyme
digestion in order to identify the material more accurately.
As the local deposits of Compound F acetate persist in the skin of man, the
skin becomes depressed, atrophic and at times, with an associated telangiec-
tasia, produces a poikilodermic picture. Microscopic examination at this late
stage reveals essentially fragmentation of these hematoxylinophilic masses and
active phagocytosis of these fragments and vaso-dilatation. Preliminary studies
of the free alcohol suspensions (carboxymethylcellulose, sorbitan monooleate,
benzyl alcohol) and also saline suspensions of Compound F have revealed no
such atrophic areas.
Preliminary studies have been done with control injections of other steroids
as doca, estradiol, testosterone and also with polyvinyl pyrrolidone in order
to tell whether any of these can give rise to these reaction masses. Initial studies
suggested that testosterone produces some degree of hematoxylinophilic ac-
tivity but much more active inflammatory reactions. It has been suggested
(11) also that trials be done in post-mortem skin to determine if such ground
substance changes are produced by physical action post-mortem also. A few
experiments have not shown production of such masses. In all these experiments
the pH of the suspensions of F acetate injected has varied between pH 5.5
and 7.5 with a general average of 5.8—6.3.
In order to determine whether any materials can effect distribution, spread,
and persistency of these masses, preliminary experiments have been done with
a number of enzyme systems. Initial experiments with hyaluronidase (12) ap-
pears to have revealed no significant effect on the early or late formations of
these masses. From preliminary experiments with cortisone acetate and glucose
in tissue cultnre experiments, Steen (13) suggested the formation of soluble
cortisone glucosides. Our experiments with glucose suspensions of cortisone
acetate and Compound F acetate have revealed no "solubilizing" effect of
glucose on the steroids in tissue.
The influence of the vehicle is important as Dougherty (14, 15) has shown
in animal experiments. Our experiments indicate that the commercial suspen-
sions containing carboxymethylcellulose, sorbitan monooleate, benzyl alcohol
and water can also give rise to a slight degree of tissue irritation.
The study of the local injection of Compound F in the concentrations we
employed in normal skin of man indicates then that there is a probable physico-
chemical change in the "ground substance." These reactions are characteristic
and persistent. Control studies indicate that they are due to the steroid itself.
These changes indicate that these reactions must be considered in the analysis
of any reaction obtained in pathologic skin. Further clarification of the mech-
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anisms of these will have t await projected detailed histochemical studies,
especially with various enzyme systems.
The histopathological studies, so far with conventional technics, of biopsies
in a variety of pathologic conditions indicate that it is difficult to draw any
general conclusions as to the mechanism or mechanisms of the inflammatory
inhibition reaction from the study of histopathological reactions. From a clinical
aspect, the local interference with inflammation was a fairly constant factor
on local injection of Compound F acetate. As indicated above, the control
used in these studies, because of our previous negative studies in the skin of
man, was usually cortisone acetate or in some instances just the vehicle. In
general, from the variety of pathological conditions studied, there was less
edema in the Compound F area, less inflammatory infiltrate, and perhaps
more perivascular collections. Eventually as indicated above, as in normal
skin, a definite form of atrophy in the midst of the inflammatory reaction was
also found to be expressed histopathologically as the marked changes in the
FIG. 3. Psoriasis after local injection of steroids
A. Cortisone acetate—2 weeks (X160 hematoxylin-eosin).
B. Compound F acetate—2 weeks (X160 hematoxylin-eosin).
ground substance. Of considerable and special interest were the biopsy studies
in psoriasis because the biopsies of the F acetate-treated area revealed less
inflammatory infiltrate, less edema, no acanthosis, a degree of hyperkeratosis
somewhat out of proportion to the underlying epidermis. The contrast between
the Compound F acetate area and the cortisone acetate area was indeed striking.
In these preliminary histopathological studies, another phase of reaction that
seems worthy of extra comment was the group of lymphomatous and leukemic
reactions. A decrease in definite cellular reaction with lymphocytolysis was
striking. In their animal experiments, Crabb and Kelsall (16) suggest that
death of malignant cells is additional evidence of protein catabolism by the
steroid since the nucleus of lymphocytes contains more desoxyribonucleic acid
than most cells, and the cytoplasm of plasmatocytes the greatest amount of
ribonucleic acid. In mycosis fungoides, the inhibitory reaction of Compound F
acetate was studied thirty-two times; the same picture of local inhibition was
produced.
-
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In the biopsy of the histamine reaction, no changes could be seen over the
control area. This parallels our clinical experiences in the absence of any sig-
nificant response in the histamine wheal, clinical urticaria, angioedema and
dermographism reactions. In this study periodic Schiff stains were done. In this
connection it may be well to recall that among others, Grob, Winkenwerder
and Schoenrich (17) report that ACTH does not affect the reactivity of the
skin to histamine. Repeated biopsies of the normal skin after local inunction
with ointments containing Compound F reveal no tissue changes.
The study of the pathological skin reactions indicates no one specific mech-
anism of this inhibition with the technics which we have employed to study.
There is no proof as yet in our preliminary studies, as in animal work, which
indicates that one possible site of local action is the protective action of the
steroid on the wall of the small blood vessel (18, 19). This could be suggested
Fin. 4. Panoramic view of tumor nodule of mycosis fungoides 3 weeks after local injec-
tion of Compound F acetate showing central zone of masses of F (arrow) and the peripheral
zones of activity of mycosis fungoides (X15 hematoxylin-eosin).
without proof in our studies as a common denominator for the explanation of
the reactions of inhibition in a variety of inflammatory responses in the skin.
Menkin (20) has found recently that Compound F counteracts the effect of
leukotoxine but not of exudin. This does not however appear to explain the reac-
tions obtained in the leukemia and lymphoma. Clinical studies obtained indicated
that the response was not recognizable sometimes until as long as a week after
injection though histopathologic studies suggest that, early after injection, there
is fairly good evidence of inhibition.
Many additional studies are needed to follow the response of the local ac-
tivity of these persistent crystal masses and their persistent local inhibitory
effects. Efforts should be made to try to examine the concentration require-
ments, distribution patterns and spread of these masses in order to provide for
a practical therapeutic approach to the local use of Compound F. The mech-
anism of the changes in the ground substance are still unknown and many
.$.
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FIG. 5. Mycosis fungoides 3 weeks after local injection of Compound F acetate
A. Control area (x160 hematoxylin-eosin).
B. Control area (X650 hematoxylin-eosin).
C. F area (X160 hematoxylin-eosin).
D. F area (X650 hematoxylin-eosin).
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additional studies are needed here (21). At present this steroid remains a fasci-
nating experimental tool for the dermatologist. The development of study of
the mechanisms of its local action could provide for vehicles which could make
for active penetration for local activity snch as the ointment mixtures now
available do not appear to accomplish. In this manner, a practical local therapy
with Compound F could be available in dermatology.
CONCLUSION
The local injection of suspensions of Compound F acetate into human skin
produces hematoxylinophilic masses persistent over a considerable period of
time. Preliminary histochemical studies suggest that these are ground sub-
stance changes. The local injection of free alcohol of Compound F, plate crystal
type, does not produce similar reactions. Free alcohol of the rod crystal type
produces less pronounced reactions. Biopsies of a variety of inflammatory condi-
tions of the skin after local injection of Compound F acetate has revealed definite
inhibition of inflammation in the eczematous, toxic (not too severe), tuberculin,
psoriatic, sarcoidal, neurodermatitic keloidal, lymphomatous and leukemic skin
reactions and also in some miscellaneous disorders. Biopsies of the urticarial re-
action and the local histamine wheal have revealed no significant changes. De-
tailed histochemical studies are needed further to attempt to follow the local
mechanisms of action of Compound F in the skin. It is sdggested that a tissue
easily available as the skin be used in man to study some local mechanisms con-
cerned in investigative studies in steroid biology in man.
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DISCUSSION
DR. HERMAN BRERMAN, Philadelphia, Penn.: The effects of local infiltration
of Compound E (Cortisone) and Compound F (hydrocortisone acetate) on the
skin lesions of sarcoid are being studied at The Sarcoid Clinic of The Uni-
versity of Pennsylvania by Sullivan, Mayock, Jones and Beerman.
To date observations have been made on five patients with sarcoidosis, all
of whom had cutaneous lesions. The diagnosis was established by the presence
of these skin lesions with characteristic histology together with one or more
additional sites of involvement, such as lymph nodes, lungs and bones, as well
as by laboratory tests including serum protein determinations. The known
duration of the skin lesions varied from one to seven years. All patients were
studied to eliminate the existence of tuberculosis and deep fungous infections.
The various cutaneous lesions were subj ected to local infiltration of the follow-
ing materials: (a) .05 cc of base containing 2.5 mgm of Compound B; (b) .05
cc of base containing 2.5 mgm of Compound F; (c) .05 cc of base alone.
Normal skin of the same patients was simultaneously injected with similar
amounts of these three preparations, and additional sarcoid lesions were left
untreated. These five patients were subjected to a total of 45 biopsies taken
by rotary punch method (Shelley and Urbach). Biopsies were obtained before
infiltration, and at approximately one, two and four week intervals following
injection. Specimens were also obtained from the normal skin controls injected
with these materials, and from the untreated lesions.
Regression of the lesions injected with Compound F occurred as follows:
Within 3 to 7 days there was diminution in size of the injected lesions. In some
eases the lesion had entirely flattened grossly within a week. The maximal re-
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sponse occurred within two to three weeks. In some instances there was evi-
dence of partial relapse of the same lesion within three to four weeks. Other
lesions remained flat at the end of an eight to ten week period of observation.
When relapse occurred, the lesions usually did not revert completely to pre-
injection size. There was no relation between the response obtained and the
duration of the lesion.
The response observed with Compound E was considerably less striking,
and in no case did the lesions show complete regression.
No demonstrable effect on the lesions was seen following infiltration with the
base alone.
Histologically the changes observed in the lesions infiltrated paralleled the
gross findings to a great extent. In most instances, when there was complete
regression grossly, biopsy failed to reveal the presence of the sarcoid reaction.
However, typical granulomas of sarcoid were present in some biopsy specimens
of lesions that had disappeared grossly.
There were no qualitative cytologic changes in these sarcoid reactions which
persisted. The most striking histologic feature of the infiltrated lesions, as well
as the injected normal skin, was the presence deep in the corium of a baso-
philic, granular material around which there was no cellular reaction. This
material was found by the Porter-Silber test for 17-hydroxy alpha ketols and
paper chromatograms, to be identical with the steroids injected, namely, Com-
pound E and Compound F acetates. In no instance was this material observed
in the lesions or in the normal skiii which had been injected with base alone.
DR. THEODORE CORNBLEET, Chicago, Ill.: We believe, as others do, that
cortisone has local action despite the fact that no clinical skin condition, as
far as I know, improves following applications of the steroid. It seems that
compounds F and E have the same qualitative actions, except that the former
gives equivalent results in smaller concentrations. With both, there is local
inhibition of flare reactions, decreased pain and inhibition of inflammation to
injury early, but accentuation of effects later. Cortisone inhibits hyaluronidase
and this could alter the state of polymerization of hyaluronic acid with repercus-
sions on the conditions within connective tissue. Several patients with so-called
collagen disease, particularly lupus erythematosus, showed altered reactions
with locally injected steroids. Thus, whereas in normal people locally injected
cortisone inhibits spreading somewhat, in disseminate lupus erythematosus we
found the reverse to be true. With DOCA, normals show increased spreads,
while in lupus erythematosus there was questionable inhibition.
Dx. MARION B. SULZBERGER, New York, N. Y.: I want to thank Dr. Gold-
man for his fine work in this important field. You will recall that one of his
last remarks was that there was nothing practical here, that thus far he and
his co-workers have found no clinical usefulness in the local application of
Compound F. I would like to call attention to some studies which are now
about to appear in the Journal of Investigative Dermatology, carried out by
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Witten and myself on the topical application of Compound F acetate oint-
ment in therapy. After having had disappointing results with topical applica-
tion of Compound E acetate ointments in various kinds of dermatoses (and
often in the very same patients who reacted favorably when Compound E
acetate was given by mouth), as soon as we got sufficient Compound F acetate
we began using it in ointment form in the treatment of various dermatoses
which are known to respond to oral administration of cortisone. First we tried
from 15 to 25 mg. of Compound F acetate to 1 gram of ointment; later on 10
mg. of Compound F acetate per 1 gram of ointment. Sometimes we used petro-
latum as the vehicle and sometimes a combination of lanolin, mineral oil and
petrolatum. We used these Compound F acetate ointments in various skin
conditions with simultaneous paired comparisons on contra-lateral sites with
control ointments containing other sterols or just the vehicles alone. The effects
were judged by the patient and the observer without knowledge of which oint-
ment was used on which site. I can tell you now that in many of our cases of
atopic dermatitis the results were very gratifying; so that it was obvious which
ointment was the better, and the patients generally wanted to get enough of
the Compound F acetate to be able to continue with its use on all areas af-
fected. In other dermatoses, our experience is as yet inadequate and our results
are not yet ready for any decision.
DR. IRA L. SCHAMBERG, Philadelphia, Pa.: I would like to ask Dr. Sulzberger
if he used Compound F acetate in lower concentrations than 10 mg. per gram
and what he has found is the lowest concentration which is effective?
DR. SULZBERGER: We have just now begun to go down to 5 mg. per 1 gram
of ointment but it is too early yet to say what happens.
DR. LEON GOLDMAN, Cincinnati, Ohio (in closing): In regard to Dr. Beer-
man's remarks, I think it is interesting that there is definite local reaction in
sarcoidosis. We have found that also.
We have had arguments about the type of local reactions from steroids
which we see in human tissue, since these changes are different from those
observed in animal tissues. Dougherty believes that compound F locally is
100 times stronger than cortisone acetate locally in the rat skin.
Dr. Cornbleet mentioned something about local action of cortisone. We
have not seen that even by local injection. As regards dosage, in a case of my-
cosis fungoides 25 mg. of cortisone acetate injected in one area caused no in-
hibition, but 1 mg. of compound F acetate did show a local zone of inhibition.
I did not know that it has been proved that hyaluronidase was inhibited in
the human skin by local cortisone; I know that such experiments have been
done.
Our results with compound F ointment in 140 patients have been inconclu-
sive. In four uncontrolled cases of granuloma pyogenicum where the skin was
raw and there was actual penetration of the crystals into the skin, local treat-
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ment was effective. In one case of ulcerative leukemic lesion of the skin, the
local use of the ointment appeared to help. In some cases of contact dermatitis
of the eyelids, there was relief. In preliminary experiments with controlled derma-
titis of the local application of a 2.5 per cent F ointment had no advantages
over the control ointment. Our results in atopic dermatitis have not been promis-
ing, even when the patient was told that the material was a new and a "powerful
steroid". Evidently with the ointment mixtures now available (concentration:
vehicles) the absorption of steroid in an "active form" and in an adequate con-
centration for local activity is very uncertain.
